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To:  Dana Bayuk, DEQ  Date: September 8, 2011 

From:  James G.D. Peale, RG Project:  8128.01.20 

 

RE:  Summary of  ZVI Longevity and Potential for TCE Rebound: Siltronic Corporation – 
ECSI #183 

 

The following summarizes available information regarding the longevity of  zero-valent iron (ZVI) in 
permeable reactive barriers (PRBs) in the subsurface. ZVI is a component of  EHC™ used for in situ 
chemical reduction (ISCR) of  trichloroethene (TCE) and its degradation products at the Siltronic 
site. During a meeting between DEQ and Siltronic and its representatives, DEQ requested 
information regarding the longevity of  ZVI for the purposes of  understanding timeframes for 
potential contaminant “rebound” in the source area. The following summarizes available 
information regarding the estimated longevity of  ZVI injected in the source area, and evaluates the 
potential for contaminant rebound based on the estimated longevity. 

At Siltronic, approximately 273,434 kg of  EHC (containing 40 percent ZVI, or 109,251 kg ZVI) 
were injected during the initial full-scale program in early 2009.1  Data from the source area indicate 
that TCE concentrations in groundwater have been reduced by approximately 99.9 percent within 
the two years since injections were completed. Based upon the lines of  evidence discussed below 
(site data and literature data), the operational life of  the ZVI component of  the EHC is 
conservatively anticipated to be 10 years, but could be much longer (i.e., decades). This estimate 
suggests that, based on remediation of  TCE and its degradation products by ZVI alone, rebound of  
the remaining 0.1 percent of  TCE remaining would not likely occur until 2019.  

SITE-SPECIFIC DATA 
The effectiveness of  ZVI declines as the iron is consumed by oxidation resulting from the reduction 
of  electron acceptors such as oxygen, chlorinated VOCs, nitrate, and sulfate. The relative 
importance of  these processes depends on the site conditions. At the Siltronic site, the primary 
process consuming iron is the reduction of  CVOCs, and in some wells, reduction of  sulfate. 

                                                 
1 This analysis does not address the supplemental injection program completed in 2011, since the primary concern for 

rebound is associated with the older installation. Further, data from the supplemental installation have not yet been 
collected to estimate ZVI longevity. 
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Using methods and reactions describe in a technical briefing2 provided by the EHC manufacturer, 
Adventus, pre-injection groundwater concentration data were used to estimate the aggregate rate of  
ZVI consumption based on the total amount of  ZVI injected. Based on the dimensions of  the 
injection zone and the groundwater data from the site, MFA estimated a range of  ZVI consumption 
rates, assuming comparable (high) concentrations of  TCE, and low and high ranges of  sulfate. The 
resulting rates and operational lifetimes are summarized in the following table. 

Well  Initial TCE (ug/L) 
Initial Sulfate 
(mg/L) 

Fe Consumption Rate 
(kg/yr) 

Years to Exhaust 
109,251 Kg ZVI 

WS-13-69 174,000 130 10,699 10 
WS-18-101 198,000 8 5,189 21 

 

Based on these data, the estimated operational life of  the ZVI ranges from 10-21 years. This range 
assumes that groundwater concentrations remain constant. Modeling the consumption of  ZVI using 
the observed declining concentrations of  CVOCs and sulfate documented in the source area would 
result in declining consumption rates for iron, such that the time to exhaust would likely be 
considerably longer. The estimated range of  10-21 years is therefore a conservatively short estimate. 

LITERATURE DATA  
MFA reviewed available published studies that evaluated the ongoing or predicted operational life of  
ZVI permeable reactive barriers (PRBs). PRBs are a relatively young technology; the oldest full-scale 
PRB was installed in 1995, so data comparing the long-term operational life fall within, and do not 
yet exceed the upper range estimated for the Siltronic site. 

1. The first full-scale ZVI PRB was installed at the Intersil Site in 1995 in Sunnyvale, CA to 
treat chlorinated organics and Freon. It used 100% zero-valent iron (ZVI) in its reactive 
zone and is still meeting its cleanup goals as of  2010 (current operational life of  15 years). 
The estimated consumption rate of  ZVI for this PRB indicates that the theoretical 
operational life is greater than 100 years. 

2. The Environmental Security Technology Certification Program (ESTCP) estimates the 
operational life of  ZVI PRBs to be 15 years or more.3  

3. A critical review of  long-term performance (Henderson et al., 2007) estimated the range for 
a ZVI PRB between 20 and 750 years.4 

                                                 
2 Attached. 
3 Frequently Asked Questions Regarding Management of Chlorinated Solvents in Soils and Groundwater; Sale et al., ESTCP, July 

2008. 
4 Long-Term Performance of Zero-Valent Iron Permeable Reactive Barriers: A Critical Review; Henderson et al., Environmental 

Engineering Science, 2007. 
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4. The first EHC PRB was installed in Wellington KS in April 2005 to treat carbon 
tetrachloride (CT). It used 1% EHC by soil mass in its reactive zone and is still promoting 
95% removal of  CT as of  October 2010 (current operational life of  5.5 years). 

Based on the extremely long predicted range of  ZVI operational lives (up to 750 years), the 
estimated range of  10-21 years appears conservatively short.  

DISCUSSION  
The literature sources predict an operational life well in excess of  the estimated range calculated 
using site-specific data. Evaluation of  the consumption using site-specific data conservatively 
predicts an operational life between 10-21 years. Based solely on the consumption of  ZVI and 
assuming that ZVI is the only component of  the ISCR-enhanced bioremediation, rebound resulting 
from the remaining fraction of  TCE mass would not be reasonably anticipated until sometime after 
2019.  

Clearly, the ZVI-related mechanisms are not the only component of  the ISCR-enhanced 
bioremediation. The presence of  existing dechlorinating microbial consortia was confirmed by the 
pre-injection data (based on the presence of  cis-1,2-DCE, which is exclusively a biological 
byproduct). Microbial dechlorination has since been enhanced by injection of  the KB-1 microbial 
consortium, the other component of  the ISCR-enhanced bioremediation. MFA injected 
approximately 2,000 L of  KB-1 in the source area during the full scale implementation, at a cell 
density of  1x1011 cells/L. Within a year following implementation, KB-1 cell counts were measured 
as high as 1x109 cells/L, confirming growth of  the consortium (accounting for significant dilution 
post-injection). Absent radical changes to the site geochemistry, the KB-1 culture is expected to 
continue dechlorinating TCE and its degradation products indefinitely. Based on this additional 
component, TCE rebound is not reasonably likely.  

In order to evaluate the short-term potential for TCE rebound in groundwater, TCE data from the 
pilot study wells (WS-18-71/101 and WS-19-71/101 were compared to data from WS-13-69, which 
prior to injection included some of  the highest concentrations to date (i.e., indicative of  the 
presence of  TCE DNAPL). TCE concentrations were normalized to the pre-injection 
concentrations (i.e., C/Cinitial or C/C0) and plotted against the time (T) since injection.5 As shown on 
Figure 1, TCE concentrations were reduced by 99.99 percent, or four orders of  magnitude, to non-
detect (0.3 ug/L) in the pilot study wells approximately 1200 to 1400 days following 
injection6.Comparatively, the concentration of  TCE in WS-13-69 was reduced by three orders of  
magnitude (99.9 percent) approximately 800 days following injection, at a rate very similar to the 
pilot study wells.  

                                                 
5 This method is consistent with literature studies conducted for the purpose of evaluating rebound (e.g., Contaminant 

Rebound at ISCO Sites: Historical Prevalence, Predictors, and Mitigation Methods; Krembs et al., Proceedings of Battelle 
Remediation Conference, 2010). 

6 Pilot study well data after April 2010 are not included, as TCE concentrations in these wells generally remained at or 
below detection limits, and plotting would skew the trend lines. 
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These data indicate that TCE rebound in groundwater concentrations was not observed in the pilot 
study wells in the five years since injection. The data from WS-13-69 are similar enough that 
rebound in the full scale implementation area is also not reasonably likely to occur within five years 
following injection (i.e., rebound will not likely occur at least until sometime after 2014).  

A similar analysis was conducted for the source area wells, comparing wells with initial 
concentrations in excess of  the injection threshold (11,000 ug/L, indicative of  the presence of  TCE 
DNAPL) with lower concentration wells. These data include wells such as WS-33-81, where MGP 
DNAPL containing TCE was observed or suspected to be present. As shown on Figure 2, the 
amount and rate of  reduction of  TCE concentrations in groundwater was similar in both groups. 
These data indicate that regardless of  the implied presence or absence of  TCE DNAPL, TCE 
concentrations in groundwater were reduced by between three and five orders of  magnitude (99.9 to 
99.999 percent) during the same timeframe as the pilot study wells. Based on similarity with the data 
from the pilot study wells, these data suggest that rebound is not occurring and is not likely to occur 
at least until sometime after 2014. 

SUMMARY 
Based on the above facts and discussion, the following conclusions should be considered: 

• ISCR-enhanced bioremediation as implemented in the source area has resulted in removal of  
99.9 to 99.999 per cent of  the TCE observed in groundwater prior to implementation.  

• Data from other sites and studies indicates that the operational life of  ZVI may be on the 
order of  decades.  

• Based on site data and the EHC manufacturer’s information regarding ZVI consumption, 
the lifetime of  the ZVI component at Siltronic is conservatively estimated to be between 10 
and 21 years, such that it is not reasonably likely to anticipate rebound due to total 
consumption of  ZVI until sometime after 2019.  

• Data since completion of  the pilot study (installed in 2006) and full scale implementation 
(installed in 2009) do not indicate that TCE rebound is occurring.  

Taking into consideration the effectively indefinite life of  the KB-1 consortium, the available data 
from this site and other sites, we do not anticipate that TCE rebound in groundwater concentrations 
will occur in the short term (i.e., at least during the next eight years).  
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Longevity of EHC Treatment 
 
 
EHC® is an integrated combination of controlled-release plant-derived carbon plus micro-
scale zero valent iron (ZVI) particles used for stimulating in situ chemical reduction of 
otherwise persistent organic compounds in groundwater. EHC-M uses the same combination 
plus a source of sulphate (if needed) to promote the precipitation of dissolved metals. In 
evaluating the longevity of EHC, several consumption mechanisms of the reactive 
components need to be considered: 
 

- ZVI oxidation and carbon fermentation due to consumption (reduction) of terminal 
electron acceptors (TEAs), such as dissolved oxygen (DO), nitrate and sulfate; 

- Anaerobic corrosion of ZVI; 
- Organic contaminant reduction; and 
- Trace metal reduction and precipitation. 

 
These processes are not independent of one another and are also controlled by site 
conditions such as groundwater flow velocity, inorganic aqueous concentrations, VOC 
concentrations and temperature. Although it is somewhat difficult to separate the longevity of 
the iron from that of the carbon given that they are present together, theoretical calculations 
supported by results from long-term laboratory studies and mature field sites can be used to 
estimate the effective lifetime of EHC. 
 
1.1 Theoretical Considerations - Iron Consumption 
 
To evaluate potential rates of ZVI consumption in EHC, the following theoretical calculations 
due to reactions with VOCs and inorganic electron acceptors are presented for a hypothetical 
site, but similar calculations can be performed using site-specific data.  The hypothetical site 
used in the calculations contains 2 mg/L DO, 5 mg/L of trichloroethene (TCE), 5 mg/L nitrate 
and 20 mg/L sulphate.  The groundwater flow velocity at the site is assumed to be 0.10 
m/day and aquifer porosity 0.25.  An assumed EHC-amended zone is 6 m wide was 
amended with 0.5% EHC (0.2%ZVI) per soil mass.  The ZVI consumption calculations are 
based on a unit cell with a face surface area of 1 m2 of the EHC-amended zone or a volume 
of 6 m3 of EHC-amended aquifer, containing about 22 kg of ZVI.  A worse case scenario was 
assumed; that is the carbon electron donor in EHC was not included in the electron acceptor 
consumption calculations.  
 
Water corrosion (oxidation) of granular iron is an important ZVI consumption process, 
resulting in ferrous iron, hydrogen gas and hydroxide ion production and an increase in pH 
and decline in Eh: 
 
 Fe0 + 2H2O → Fe2+ + H2(aq) + 2OH- (1) 
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Tests conducted with different types of ZVI materials have indicated in water corrosion rates 
on the order of 0.1 to 0.6 mmol/kg Fe/day, with a value of 0.3 mmol/kg Fe/day measured for 
particulate ZVI used in EHC (Reardon, 2005).  The iron-water corrosion rate is independent 
of groundwater flow velocity.  Based on the water corrosion rate of 0.3 mmol/kg Fe/day, the 
annual iron consumption due to water corrosion at this hypothetical EHC site would be 135 
g/yr.  This is equivalent to about 0.6% of the total ZVI present in the 6 m wide EHC-amended 
zone. 
 
Any dissolved oxygen will also corrode (consume) the ZVI: 
 
 4Fe0 + 3O2(aq) + 12H+ → 4Fe3+ + 6H2O (2) 
 
Based on the above assumptions, the annual amount of DO (2 mg/L or 0.063 mmol/L) 
entering the unit cell of EHC-amended zone would be 18 g/yr (0.57 mole/yr).  Since, four 
moles of iron are consumed for every three moles of DO, the annual iron consumption rate 
would be 43 g/yr (0.76 mol/yr).  This iron amount represents about 0.2% of the total ZVI in 
the EHC-amended zone. 
 
Complete reductive dechlorination of TCE and the corresponding ZVI oxidation can be 
expressed by the following: 
 
 C2HCl3 + 3Fe0 + 3H2O → C2H4 + 3Fe2+ +3Cl- + 3OH- (3) 
 
Thus, the annual amount of TCE (5 mg/L or 0.038 mmol/L) entering the unit cell of EHC-
amended zone would be 46 g/yr (0.35 mole/yr).  Since three moles of iron are consumed for 
every mole of TCE, the annual iron consumption rate would be 58 g/yr (1.04 mol/yr) or 0.3% 
of the available ZVI mass in the EHC-amended zone. 
 
If present, nitrate reduction by granular iron results in the production of ammonia/ammonium: 
 
  NO3

- + 9 H+ + 4Fe0 → NH3 + 3H2O + 4Fe2+               (4) 
 
Complete reduction of 5 mg/L of nitrate (0.08 mmol/L) by ZVI would result in consumption of 
an annual nitrate mass flux into the unit cell of EHC-amended zone of 46 g/yr (0.74 mol/yr). 
Four moles of iron are consumed for every mole of nitrate; therefore the annual consumption 
rate would be equal to 165 g/yr (2.94 mol/yr) or 0.8% of the ZVI available. 
 
Sulphate (SO4

2-) in the presence of iron may undergo reduction to sulphide: 
 
 4Fe0 + SO4

2- + 9H+ → HS- + 4Fe2+ + 4H2O (5) 
 
If complete sulphate reduction occurred due via ZVI oxidation, the annual amount of sulphate 
(20 mg/L or 0.21 mmol/L) entering the unit cell of EHC-amended zone would be 183 g/yr (1.9 
mole/yr).  Since four moles of iron are consumed for every mole of sulfate, the annual iron 
consumption rate would be 426 g/yr (7.6 mol/yr) or 2.0% of the ZVI available. 
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If electron acceptor reduction and VOC degradation do not compete with water corrosion of 
ZVI, the annual ZVI consumption rate would be about 4% of the ZVI available.  This would 
result in a conservative ZVI lifetime in an EHC-amended zone of about 25 years at this 
hypothetical site.   
 
In summary, many variables in groundwater chemistry can impact the consumption rate of 
ZVI in an EHC-amended zone.  However, in most conditions, the ZVI particles should last for 
decades. 
 
1.2 Theoretical Considerations - Carbon Consumption in VOC plumes 
 

As mentioned previously, the carbon component of EHC is comprised of fine-grained plant 
derived fibrous organic carbon particles. Because of the predominance of cellulose and 
hemicellulose in the particles, these particles will degrade more slowly (last longer) than 
other more soluble forms of carbon such as lactates, oils, and other glucose based 
amendments.  

Carbon consumption (decay) in the subsurface is often assumed to follow a first order model. 
Under aerobic soil conditions, cellulose has been shown to persist over several months 
(Cheshire 1979, Kassim et al, 1981) and will degrade more slowly under anaerobic saturated 
conditions. In other studies, a first order carbon decay constant (K) of 1.6E-3 day-1 was 
obtained in cellulose columns used to promote denitrification exposed to a nitrate flux of 
about 70 to 75 mg/L nitrate-N at room temperature (Vogan 1993). This equates to a 50% 
loss of cellulose in about 300 days or 10 months. Lower rates of degradation (K of  5E-4 day-

1) were obtained in sawdust columns exposed to the same flux. Sawdust contains a relatively 
higher proportion of hemi-cellulose and lignin. In-situ sawdust based denitrifying systems 
have operated for 15 years at field temperatures (Robertson et al, 2008).   

Given that the carbon demand in the above conditions is far greater than that usually 
occurring in organic contaminant plumes (e.g. see 1.1), these published carbon degradation 
rates indicate that the carbon component of EHC should also last for years in the subsurface.  

 
1.3 Theoretical Considerations- Trace Metal (arsenic) Removal   
 
The consumption of reactive material (iron, sorbent, carbon, or iron-carbon combinations) 
due to precipitation of metals is usually expressed in terms of removal capacity, in that these 
types of treatment zones will have a finite lifetime. The following calculations are presented 
for arsenic (As) treatment and EHC-M.  
 
The primary mechanism of As removal in the presence of EHC-M (ZVI, organic carbon and 
sulfate) entails physical precipitation of arsenic with iron corrosion products, especially those 
associated with the reduction of sulfate to form arsenopyrite (Blowes at al., 2000, Kober et 
al., 2005; Craw et al., 2003). As noted above, it is anticipated that an EHC-M system will 
have a finite capacity for As treatment, based on the As flux and the amount of EHC-M 
applied, as the carbon and iron are consumed.  From a long-term column test results with an 
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EHC-M/aquifer material mixture (Figure 1), a normalized As removal capacity of at least 14 
mgAs/gEHC-M is expected in an EHC-M amended aquifer zone.  
 

Results of a sequential dissolution analysis performed on the column material after 
completion of the test indicated about 50% of the initial iron contained in EHC-M remained 
un-oxidized after 3 years of flow (Przepiora et al., 2008). Consequently, a sufficient amount 
of ZVI remained within the EHC-M column for an additional 2-3 years of ferrous iron 
generation. 

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

0 100 200 300 400 500 600 700 800 900

Total Time of Study (Days)

C
um

ul
at

iv
e 

M
as

s 
of

 A
s 

R
et

ai
ne

d 
(u

g)

1%EHC-M

 

Figure  1.  Cumula tive  mas s  o f As  re ta in ed  with in  the  EHC-M co lumn in  a  lo ng-te rm co lumn 
experiment (6 inch  long  1%wtEHC-M co lumn, 2 inch  d iamete r). 

An EHC-M longevity calculation was done for a representative cell of a proposed 0.3%EHC-
M PRB (1 ft2 face area, 20 ft long in the direction of flow, 25% porosity).  In this case, we 
assumed a groundwater velocity at a site of 2 ft/day and an average As concentration of 2 
mg/L. This equates to an anticipated mass flux of As in the cell of  28 mgAs/day (v × A × n × 
CAs = 2 ft/day × 1 ft2 × 0.25 × 2 mg/L × 28.3 L/ft3). 
 
Using the As removal capacity above, about 2 gEHC-M/day EHC-M would be used up every 
day in the cell (Mass FluxAs÷ As Removal capacity =  28 mgAs/day ÷ 14 mgAs/gEHC-M).  The 
amount of EHC-M held in the 20 ft3cell of 0.3%wtEHC-M is about 2,900 g (assuming an 
aquifer bulk density of 1.7 g/cm3). Therefore, the theoretical longevity of the proposed EHC-
M zone is about 1,450 days (4 years) (2,900 gEHC-M ÷ 2 gEHC-M/day). 

From the above theoretical considerations, it would appear that EHC (or EHC-M) has the 
potential to promote trace metal removal for an extended period at many field sites.  
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2.0 Observations of Carbon/ZVI Longevity in Column Studies 
 
2.1 Column Study of PCE Degradation  
 
The longevity of EHC was evaluated in a long-term (3 year) continuous-flow, laboratory 
column study to monitor the treatment of tetrachloroethylene (PCE) in groundwater 
(Dmitrovic, 2009, in preparation). A column was packed with a mixture of 5% EHC by weight 
and sand. During the first phase of the study the influent PCE concentration was set at 
16,000 ppb and the flow rate maintained to create  a contact time of approximately 0.3 days. 
The second phase of the study was initiated on day 450 to evaluate the performance of EHC 
at a PCE concentration and groundwater flow rate more representative of typical field 
conditions. During the second phase of the testing the feed concentration was decreased to 
about 1,900 ppb and the flow rate was reduced to create a contact time of approximately 1 
day. In all cases, the columns were operated at room temperature. 
 

 Volatile organic compound (VOC) concentrations were monitored in the influent and 
effluents over time. During the initial phase of the study where the influent PCE concentration 
was maintained at 16,000 ppb, the EHC column supported between 50 and 80% removal of 
total VOCs (Figure 2).  At the lower flow rate (day 461) a reduction in influent PCE from 
1,500 ppb to 355 ppb in the EHC column was observed. The PCE concentrations in the EHC 
column effluent were further reduced (<50 ppb) in four subsequent sampling events, to non-
detect (<20 ppb) on day 972. Trace concentrations of trichloroethylene (TCE) (<120 ppb) and 
cis-1,2-dichloroethene (cis-1,2-DCE) (<10 ppb) were detected during phase two. The control 
system showed no appreciable change in the PCE concentration. 

 
Figure  2.  In fluence  o f EHC on  groundwater PCE concen tra tions . 

 

The physical sorptive capacity of the organic portion of EHC was estimated to be 
approximately 48 mg of PCE. Based on the initial PCE concentration of 16 mg/L and a flow 
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rate of 500 mL/day, the adsorptive capacity of the column would have been exhausted after 
6 days. Thus, the decrease in PCE concentrations after day 6 can be attributed to either 
chemical or biological transformations and not temporary physical sequestration.  

The EHC in this column was effective for approximately 2.8 years at room temperature. 
Assuming the carbon portion continues to be a significant contributor to the treatment, the 
longevity of the carbon should be greater at lower groundwater temperatures because the 
rate of microbial carbon consumption is expected to be lower. Applying a ‘rule of thumb’ that 
microbial activity would decrease by 50% for a 10º C decrease in temperature, one can 
hypothesize that the EHC may remain effective for over 5 years at lower groundwater 
temperatures.  

 
2.2 Es timate of EHC Longevity from Perchlorate  Column Study  
 

A 99% removal efficiency continued to be achieved after 1200 days of continuous-flow 
operation of a column containing 24% by mass of EHC and sand exposed to influent 
perchlorate concentration of approximately 100,000 ppb (Figure 3). The high proportion of 
EHC was designed to simulate a PRB trench type application. The flow rate through the 
columns was maintained at 150 mL/day.  

Following a short acclimation period, the EHC column reduced the perchlorate concentration 
from 120,000 ppb in the influent to 9,400 ppb, corresponding to a 92% removal (Figure 3). 
The perchlorate concentration was further reduced in a downstream soil microcosm to non-
detect (detection limit = 200 ppb). This suggests that the removal mechanism for perchlorate 
is biologically controlled. The control system showed a slight (17%) decrease in the 
perchlorate concentration.  

 
Figure  3.  In fluence  o f EHC on  groundwater perch lora te  concen tra tions . 
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Data from day 815 of the study showed that the EHC column continued to support complete 
reduction of perchlorate (detection limit = 2 ppb) while the control column showed little, if any, 
reductions.  Subsequent to day 815, EHC removal rates remained stable but control column 
effluent decreased to about 50 % of the influent concentration, making interpretation of these 
data more difficult. Nevertheless, over three years of consistent removal of perchlorate in this 
EHC column (at room temperature) provides further encouraging evidence with respect to 
field –scale EHC longevity.   

 
3.0 Estimate of EHC Longevity from Field Projects 
 
3.1 Trenched EHC PRB for Chloroethenes 
 

A dissolved chloroethene plume migrating from a source zone through a thin permeable soil 
unit overlying bedrock was targeted for treatment at a site in the southern US.  

 
Figure 4. Trench PRB and Modeled Data 

 

A permeable reactive barrier (PRB) was constructed to intercept the dissolved groundwater 
plume (Figure 4). The PRB was constructed with an excavator by digging a 3-foot wide 
trench down to the top of the bedrock, followed by filling the bottom foot with a mixture of 
10% EHC and sand. Only the bottom foot required filling because the groundwater table was 
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less than a foot above the bedrock, and the permeable soil unit was also at this depth. The 
remainder of the PRB was backfilled with pea gravel.  

Two pairs of upgradient and downgradient monitoring wells were used to evaluate the 
effectiveness of the PRB and showed large reductions of all of the constituents present for 
21 months of field observations.  

The site was analyzed with a numerical model (Moreno et al, 2008). Bench scale data for 
PCE and breakdown products were available from a laboratory column study conducted in 
support of this application. Using these data, a model was prepared to analyze the expected 
concentrations downgradient of the trench. A single layer MODFLOW/RT3D model with 
uniform hydraulic gradient was applied. The trench was modeled as a zone of higher 
hydraulic conductivity and reactivity. Degradation inside the trench was modeled as first-
order decay.  The modeled data were compared to observed concentrations in the field 
(Figure 4). Six daughter products were also calibrated for a range of specified yield rates. 
The modeled results show that the effective half life of PCE inside the trench ranged from 8 
hours at early times (first 200 days of operation) dropping to 1.5 hours thereafter, likely 
reflecting degradation rates due to integrated biological and abiotic reductive processes.  

 
3.2 Carbon Tetrachloride Treatment using an Injected EHC PRB  
 
A pilot-scale PRB containing 1%wt EHC injected across the width of a carbon tetrachloride 
(CT) plume effectively decreased the concentration of CT in groundwater at downgradient 
wells by 97% within 13 months, with no accumulation of degradation products (Biteman et 
al., 2007). The CT plume extends from a grain elevator approximately 2,500 feet (760 
meters) downgradient where it discharges into a small creek; the highest concentrations of 
CT (2,500 ug/L) are located near the source area.  Chloroform (CF), chloromethane, and 
methylene chloride have also been identified in study area groundwater.   
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5. Concentration of CT in monitoring wells located upgradient and downgradient  
of  the PRB.      
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Groundwater sampling results as early as four months after installation of the PRB showed a 
76% and 88% decline in CT concentration at monitoring wells located 70 and 140 feet (21 
and 43 meters) downgradient of the PRB, respectively.  Groundwater sampling results 13 to 
22 months after installation of the PRB showed a 97% decline in CT concentration 70 feet 
(21 meters) downgradient of the PRB.  Groundwater sampling results 22 months after 
installation of the PRB have showed approximately a 90% decline in CT concentration 600 
feet (183 meters) downgradient of the PRB. No significant accumulation of chlorinated 
intermediates has been observed at any sample point.  These results have remained 
consistent over a cumulative 42 months of post-construction monitoring.  
 

4.0 Summary  

Theoretical considerations and bench-scale study results suggest that a predicted longevity 
of EHC treatment materials in the field of three to five years is reasonable, and may even be 
an underestimate. Field data have shown longevity of over three years. Certainly there are 
many factors that can influence the actual longevity observed at a given site. Factors such as 
temperature, groundwater flow velocity, electron acceptor demand, mass applied, installation 
method, and inorganic chemistry are just a few of the factors that could affect the actual 
longevity. However, it appears that longevity of 5 years for EHC may be achievable in most 
subsurface environments.  
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Figure 1
Comparison of Normalized TCE Concentrations in Pilot Study Wells vs WS13-69
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Figure 2
Comparison of Normalized TCE Concentrations in Wells Above vs Wells Below the Injection Threshold
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